Introduction
The International Space Station Alpha (ISSA) power system is designed with high voltage solar arrays which operate at output voltages of typically 140-160 volts, and is configured with a "negative ground" that electrically ties the habitat modules, structure, and radiators to the negative tap of the solar arrays. This electrical configuration and the plasma current balance that results will cause the habitat modules, structure, and radiators to float to voltages as large as -120 V with respect to the ambient space plasma. 1 As a result of these large negative floating potentials, there exists the potential for deleterious interactions of ISSA with the space plasma. These interactions may include arcing through insulating surfaces and sputtering of conductive surfaces due to acceleration of ions by the spacecraft plasma sheath. Both of these processes result in changes in surface material properties, destruction of coatings, and eontami-nation of surfaces due to redeposition.
The space experiment SAMPLE (for Solar Array Module Plasma Interactions Experiment) was recently flown on the Space Transportation System STS-62 and provided validation of the theoretical-models of spacecraft charging which were used to predict the station floating potentials. The flight data from this experiment, which quantified the current collection to station solar array elements, confirmed the need for a plasma contactor to conlrol the potential of the space station, a Based on it's potential-effectiveness, a decision was made to baseline a plasma eontaetor system on ISSA as the solution to alleviate plasma interactions. 3 NASA has therefore initiated a plasma eontactor development program as part of the ISSA electrical power system.
There are several major derived operational requirements for the station plasma contactor system which include capability to control station potential to within 20 "Aerospace Engineer, Member AIAA )Acrospace Engineer volts of space plasma potential; emit electron currents up to 10 A under dynamic and variable conditions; operate for up to 17,500 hours without degradation; minimize consumables;
be single-fault tolerant in design; be compatible with all space station utilities; be roboticaily serviceable; and incorporate health monitoring instrumentation, including instrumentation to measure the plasma return current.
A more detailed discussion of these requirements may be found in Reference 4.
For the ISSA application, efficient and rapid emission of high electron currents is required by the plasma contactor system under conditions of variable and uncertain current demand. A hollow cathode plasma source is well suited for this application and was therefore selected as the design approach for the station plasma contactor system, s Active emission to the space plasma of electron current at least matching the net electron current collected on the station solar arrays (referred to as "ciamping" mode) is required for only a small portion of the station orbital period. This period is during approximately one-third of the orbit, from dawn through noon when the solar arrays are illuminated, generate power, and face in the ram direction. During the remainder of the orbital period the hollow cathode plasma source may be either operated in an "idle" mode or turned off. A baseline approach of keeping the station hollow cathode plasma .source on continuously throughout the orbit has been selected, d
This paper discusses the test results and development status of the plasma contactor subsystems for ISSA, and in particular, the hollow cathode plasma source.
System Design
The ISSA plasma contactor system (PCS) consists of four subsystems including a hollow cathode assembly (I-ICA), a power electronics unit (PELt), an expellant management unit (EMU), and an orbit replaceable unit (ORU). Figure I shows a conceptual design for the plasma contactor system. The hollow cathode assembly, or HCA, is the active electron emitter. It consists of a hollow cathode, a low-work function insert for electron emission, an anode, a heater, and an electrical isolator. The design approach selected for the station HCA is an enclosed-keeper geometry, operating on xenon gas. 4 The power electronics unit, or PEU, conditions power from the ISSA 120 VDC main power bus, converting it to the levels necessary for the plasma ¢ontactor system. It consists of the power supplies for operation of the hollow cathode and the gas feed system valves, and a controller to provide a command and telemetry interface to the station data system.
The expel/ant management unit, or EMU, consists of a high-pressure gas storage tank, xenon gas, and gas feed system components including lines, valves, and regulators. The EMU stores the xenon as a gas under high pressure, and controls and regulates its flow to the HCA.
The fourth subsystem, the ORU, is a standard station avionics box which provides the structural, thermal, electrical, and data interfaces, as well as providing micrometeoroid protection. Table 1 lists the technology issues with each of the subsystems and identifies their associated functions.
Test Apparatus and Procedure Development activities and tests of the station PCS subsystems are underway at NASA Lewis Research Center These activities fire being conducted to establish requirements and specifications for the flight system, and to validate these requirements and specifications via longduration li[etests under appropriate environmental and operational conditions.
The details of the HCA design are described in the following section, while the design of the PEU used in integration testing can be found in References 6 and 7. The electr/cal configuration of the HCA tests is shown in the schematic of Figure 2 . Two power supplies are used for the operation of the HCA including the heater supply (used in starting only), and the anode power supply. In steady-state operation, an electron current of fixed magnitude (referred to here as the anode current) passes from the HCA cathode to anode and is ciz'culated through the anode supply. For most performance tests, commercial power supplies were used to operate the HCA.
An additional power supply, labeled as the bias supply, is used to vary the potential between the HCA and facility ground, and simulates the potential established between space station structures and space plasma. To quantify the electron emission capability of the HCA, the hollow cathode of the HCA is biased negative with respect to facility ground, causing electrons produced by the HCA to be emitted from it and collected at the vacuum tank walls. This electron current is referred to here as the contactor emission current, and is, in space, equivalent to the electron current emitted by the contactor which offsets that collected by the station high voltage solar arrays.
The potential difference between IqCA cathode and facility ground is referred to as the clamping voltage. When the ¢ontactor emission current is zero but the HCA cathode is emitting to the anode, the HCA is operating in an idle mode. When the contactor emission current is non-zero, the HCA is operating in a clamping mode.
For performance and lifetime characterizations of the HCA, and integration testing of the HCA with the power electronics unit, several vacuum facilities were constructed, and these are described in detail in Reference 5. Two of the primary facilities are described briefly here.
The characterizations of the steady-state operation of the HCA and integration tests of the HCA with the power electronics unit were conducted in the plasma contactor system integration stand shown in Fig. 3 results reported here were obtained with a large area anode 0 100 m:), whose surfaces were in excess of 2 m from the HCA.
Hollow Cathode Assembly
In the present development phase the HCA for ISSA will be brought to an engineering status appropriate for transfer to industry for final development.
This section describes the design of the HCA, and discusses preliminary results obtained from performance and lifetime tests.
In the course of this development program, performance and lifetime assessments will be conducted on approxi- stream of the plane of the enclosed keeper anode, and the anode voltage noise was of the order of 8 volts peak-topeak at a frequency of about 500 kHz.
At flow rates above about 4.8 sccm, the HCA operates in a quiet spot mode, with a peak-to-peak anode voltage noise of less than 1 volt at frequencies above 1 MHz.
Increasing the anode current above 2.0 A, or biasing the HCA to emit a net electron current shifts the characteristic of Fig. 5 to lower flow rates and hence reduces the plume-spot transition flow rate. Figure 6 shows the HCA anode voltage as a function of anode current (from 1.75 A to 2.25 A) for several xenon flow rates over the range of interest.
These data display the typical negative slope volt-amp characteristic of a plasma discharge. As indicated, for anode currents below 2.0 A, the HCA slips into plume mode operation at flow rates below about 5.2 sccm.
Above this flow rate, the HCA operates in a quiet spot mode independent of the value of anode current. A total of 9 have been processed for component weartesting, of which 5 have accumulated more than 6000 thermal cycles, simulating 6000 HCA restarts. Figure 10 shows the variation in peak input power versus cycle number for several heaters. The HCA will be operated continuous with an anode discharge, and it will emit an additional electron current to an external anode, simulating the current drawn to the space plasma, on regular intervals duplicating the ISSA orbit emission requirements.
Space Station Compatibility
The HCA was tested in conjunction with the breadboard PEU to characterize the HCA radiated electromagnetic emissions. 
Expellant

Management Unit
The expellant management unit (EMU) will be brought to breadboard level in this pre-flight effort. To date, the activities in the EMU effort have been focussed in definition of the contamination limits in the xenon gas reaching the HCA, and definition of the xenon flow control requirements for both ignition and steady-state operation.
These requirements have been established using laboratory-type xenon feed systems. A breadboard xenon system incorporating flight qualified components is now in design, and it will be used to verify transportability of the procedures developed with the laboratory systems to obtain the required xenon puri_ and flow control.
The breadboard EMU will then be integrated with the PEU and an engineering model HCA, and a long duration (> 2500 h) weartest will be conducted to validate the EMU/HCA interface specifications.
Concluding Remarks
The 
